VA

.
s LonLuamos

LA-UR-21-20748

Approved for public release; distribution is unlimited.

Title:
Author(s):

Intended for:

Issued:

FRAM v.6.1's Improvements

Vo, Duc Ta

International Workshop on U/Pu Isotopic Analysis by NDA Techniques

2021-01-28




Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher

recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes. Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy. Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its

technical correctness.



o@ Los Alamos NS

NATIONAL LABORATORY



What 1Is FRAM?

= FRAM is an isotopic analysis code nominally
designed for plutonium and uranium.

= Fixed-energy Response-function Analysis with
Multiple efficiencies.

= Self-calibration using several gamma-ray peaks.
= User-editable analysis parameters.

= Analyze gamma ray data from 30keV to >1MeV
of HPGe, CdTe, CZT, and LaBr3 detector.
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Development of FRAM

= FRAM was first developed in the mid-1980s to analyze
plutonium spectra. It ran on a MicroVAX computer with the
VMS operating system.

= The first version of the FRAM code running on PC/Windows
3.1, called PC/FRAM, was released in 1994.

= FRAM v.2 was released in 1997 with additional capability to
analyze uranium spectra. It ran on Windows 3.1 and 95 and
was licensed to Ortec.

= FRAM v.3 was released in 1999 as a 32-bit code, running on
Windows 95, 98, and NT. It was licensed to Ortec and
Canberra.
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Development of FRAM cont.

= FRAM v.4 was released in 2001/2002. It had the capability to
analyze the 100-keV X-ray region of both plutonium and
uranium spectra. It ran on Windows 95, 98, NT, 2000, and XP.

It was licensed to Ortec and Canberra.

= FRAM v.5.1 was released in 2011 with a completely different
user interface and the capability to run in the command line
mode. It ran on all 32-bit and 64-bit Windows versions from
Windows 95 to Windows 10. It was licensed to Ortec and
Canberra.

= FRAM v.5.2 was released in 2013 with some minor upgrades
from v.5.1 and was licensed to Ortec and Canberra.

= FRAM v.6.1 was released in March 2020 with many upgrades
from v.5.2.
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FRAM Analysis steps

. Determine energy calibration.
. Determine full width at half-maximum (FWHM) calibration.

il Determine peak shape (tail) calibration.

V. Fit the regions to obtain peak areas.

V. Determine relative efficiency curve.

V. Calculate the relative activities of the isotopes.

Vil. Adjust the background of the analysis regions.

VIil. HPGe: Repeat steps iv to vii several times (default: five iterations).
Viil. LaBr3 & CZT. Repeat steps i to vii several times.

iX. Estimate 242Pu or 23V by correlation if needed.

X. Calculate the final isotopic fractions of the isotopes.
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Peak fitting

FRAM uses linear
least squares to fit the
peaks of the HPGe
spectra.

FRAM uses a
nonlinear least
squares fit technique,
combining the Powell’s
minimization method
with the linear least
squares fit to fit the
peaks of the LaBr3 and
CZT spectra.

5769

o
42T (2848 kevV] F Fegion 3, purg_labi_200-750_170320 {3505 kev) 713

Pu, 285-481 keV, LaBr3

29543]

U, 152-226 keV, CZT

o
445(151.7keV] FitRegion 1, CZT500_U_120-1010 (edt) (227.2 keV) BE8
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238Py and 234U correlation

2014-02-28 10:37:00 TrueT 1007108 LiveT 100000 DeadTZ%1 4096Ch ~\LABRAPUMPIDIE-1\LT=1000004aBr3_Pidie1_2200mm_1mmCd_01.C!

= Pu-238 has the only
peak for activity at 662 Pu
766 keV

2047

= The LaBr3 spectra
have peaks from 722 800
radioactive lanthanum
In the detector itself at
about 800 keV.

= This leads to bad

238Pu 766-kev peak DET’B (586.5 keV) Spec, Param Pu_Cx_120-460 (927.9 keV¥) 1389
area.
"= The %23*U 121-keV peak is weak
d

238 240
- Pu _ ( Pu) 23475 235y

239 239 [ | —_

Pu Pu 2353 a 2380 + b
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Sum spectra

- M~y R
Sum X

File: C:\DucVo'\LaBr3NA241\lglabr\pidie1000.Chn Browse...
Format:  |Auto | Number of Spectra: | 16
f 0K i Cancel |

= The Measure | Sum option opens the Sum dialog to allow the user to
enter information about the spectra to be summed.
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Shift spectrum

File: , C:\DucVo\LaBr3NA241\glabr\pidie 1000.Chn Browse...
Format: |Auto LI Number of Spectra: | 16
shifted File: lC:\temp\pidie 1Shift000.chn Browse... |
Format: IOrtec ‘chn’ ll [7 Save Shifted files

(® Compress by 2
(" Other shift | 1 NewCh/OldCh + | 0 NewCh

Max Channel |4096

FRAM fits a peak
best when its
FWHM is 8-10
channels.

Many spectra are
acquired with
FWHM from
about 20 to 100
channels wide.

The Measure |
Shift option opens
the Shift dialog to
allow the user to
enter information
about the spectra
to be shifted.
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Broaden spectrum

The Measure |
Broaden option
opens the Broaden
dialog box to allow
the user to enter
information about

| Fomat:  Jortec | Save broaden e | the spectra to be

| | broadened.

| Number of Spectra: | 16 |

Shifted File: | C:\temp\pidie 1Broaden000.chn Browse... |

FWHM=sqrt(A1+A2%Ch) A= 1

[V statistically Distributed
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Broaden spectrum example

10° 4
104 4
f
»
S 10° -
[ =)
O
102
101 4
100 4
L AL R R B AL B B B IV AL A LR R B AL R S R IR R R R AU A R R
100 200 300 400 500 600 700 800
Energy (keV)

= The blue spectrum is from a 2” diameter and 0.5” length LaBr3

= The red spectrum is a broaden spectrum of a 2” diameter and 2”
length (~25% relative efficiency) coaxial HPGe.
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Fitting parameters (v.5.2)

Ed;;Fitting.F_’arameters -- Pu_Cx_120-460 X m The FWHM and
Default Energy Calibration . Ta” paramete rs
Gain [Kev/Chl = | 0125 OffsetkeV)= | 0 - | F d ep end on the
[ Fieed channels.

Default Pw/HM Constants

fwhr{ch) = sartl A1 + AZE + AJ/E | = When the energy

Alfch™2)= [ 60 A2(ch"2/Kev)= [ 01 Adfch2keV)= | 0 calibration is

| | Fined changed then the
FWHM and Tall

Default T alling Constants

taillch) = H » egup[[T1 + T2E) + (T3 + TAEF{chs0)) * 1 - explC{ch+01"2)] parameters need

n=[ 4 T2- [ 0005 13- [ 03 T4= [ 0 to change.

| Fixed

Description: |Pu Coax, Equilibrium, 120-460keV

Last modified on 2013-07-23
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Fitting parameters (v.6.1)

Edit iting Parameters - pu ax 120-460 (IR |,
The FWHM and

Default Energy Calibration Tall p aram ete rs
] Gain (ke¥/Ch) = | 0,125 Dffset (keV] = I 0 Cancel | d ep en d on the

Fixed
| [ energy.
Default PwHM Constants
fwhmikeV) = sqi{ A1 + A2E + AJ/E | = These
Al (kev"2)= | 09375 A2 (keV) = [0.0015625 A3kev™3)= [ 0 param eters
[ Fised depend on the
detector but are
Default T ailing Constants .
taili = H * expl(T1+T2°E) + (T3+T4E) * [E_i - E)] * [1 - exp(-CE_i - E)°2)] independent of
M- 4 t=[oos 13- 24  1=[ o0 the energy
[ Fined calibration.
Description: |F'u Coax, Equilibrium, 120-460keV
Last modified on 2017-07-11
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rue heterogeneous model

= FRAM v.5.2 heterogeneous efficiency

R - |

(1 — exp(=pox0))

* [exp(—p11) * exp(—pax2) * exp(—pzx3)] * [A{]

(poxq)
C.

* [exp (i)] « [Detector Ef ficiency]| = [Correction Factor]

E

= FRAM v.6.1 adds true heterogeneous efficiency

RE =

(1 - exp(—no%;))

* [exp(—pyx1) * exp(—ppxy) * exp(—puzxs)] * [4;]
(Hoxj)

* |Detector Eff iciency]| = [Correction Factor]
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New file formats

= N42 file format

File name: 0000001_2019_04_08_10_54_370n42 fhd Open
Files of type: v Cancel ‘
File Format: IEEE 'nd? | Spec#lT

= Auto format: can automatically read the files that are saved with one
of the following formats: Ortec ‘chn’, Ortec ‘spc’, Canberra ‘mca’,
Canberra ‘cnf’, IAEA ‘spe’, ASCII ‘ixt’, and IEEE ‘n42’.

File name: 0000001_2019_04_08_10_54_370.n42 | ¥ Open
Files of type: I Cancel
FleFomat | [T - |
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Background file subtraction
= FRAM will at first

File: [CAFRAMOPT \sorted_data\pu_coas_180-1010_long\CBNM33 SUIM Browse... calculate the energy,

Fomat  [Auto 5] e 1 | FWHM, and peak shape

Parameter: [GeCoax_Pu_180-1010 <] [015 kevsth+[ 0 kev calibrations of the main

Comment. | spectrum.

i Pu242/L1236 by correlation " Enpiical Efciency = Fit the BG spectrum with
Pu242/L1236 by operator entry @ Physical Efficiency

" Pu242/J236 by measurement Efficiorncy detodts the calibrations of the

[~ Save Results [ Print Results main SpeCtrum'

Resk i o = Fit the main spectrum.

[~ Auto analysis IV Subtract BG The BG peak areas are

I Fresh Uranium

subtracted from the

I™ Previous Calorimetric measurement [ Previous Neutron measurement
measured peak areas.
BG File:  |C:\temp\Area G Background.CHN Browse... |
OK Cancel
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U/Pu ratio from fluorescence X-rays

(<

CH FRAM 6.0w Power User
File Measure User Parameter Param Edit Help
" SpecOnly ¢ Region ¢ Ecal " Fcal " Scal & il C log Continue | Print |
" Efficiency ¢ Fits  Short Result © Med Result © LongResult | ¢ ne | & Iy
Parameter [GePin_UPu_060-230 ~] [0075  «kewich +[ 0 Kev in | xout| 0] vin | voul]
2001-08-1517:58:27 TrueT 1800.00 LiveT 1413.00 DeadT* 22 8192Ch C:\Fram40\Spectrat2001data\Planar?5\eupub?5.s01
- B ~
(By Corr) $Am241/Pu
Pu238 Pu239%9 Pu240 Pu241 Pu242 Am241
masss 0.01356 93.97633 5.82921 0.15168 0.02923 0.149662
sigma 0.00040 0.03885 0.03869 0.00056 0.00058 0.00078%
$RSD 2.94% 0.04% 0.66% 0.37% 1.97% 0.54%
$TotPwrx 3.11 T3 =23 16.68 0.21 - TR | |1 ] 6.76
Specific Power (W/gPu): ( 2.47508 +/- 0.00374)e-003 ( 0.15%)
Effective Pu240 fraction: ( 5.91248 +/- 0.03872)e-002 ( 0.65%)
Time since chemical separation: 5160.1 +/- 19.9 days ( 0.38%)
Relative mass ( U235 / Pu): 3.131e-001 ( 0.48%)
Relative mass ( U238 / Pu): 5.561le-001 £ T2.79%)
Relative mass (Am243 / Pu): 6.306e-008 f 21..95%)
Relative mass (Uxray / Pu): 1.848e-004 ( 0.46%)
L Relative mass (Pxray / Pu): 2.210e_-003 _( __0_59%)
Relative mass ( U / Pu): 3.478e-001 ( 8.28%) from fluorescence Xrays
v
i { ( Y
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CSV and log file

= After an analysis, FRAM writes one-line results to the plutonium.csv or
uranium.csv file, depending on the type of analysis. It writes one-line
results to the FRAMcmd.log for the command line mode analysis.

B Uraniumé.csv - Notepad = O X

File Edit Format View Help

File name, Acq. date, True time, Live time, Anal. date, Parameter, Eff. Model, Gain, Offset, ~
U234, U235, U236, U238, SpecPow, U234sigma, U235sigma, U236sigma, U238sigma, SpecPow sigma,
U234sigmaTotal, U235sigmaTotal, U236sigmaTotal, U238sigmaTotal, SpecPow sigmaTotal
"u26pl.s@1"12902—92—27 68:4-9:14[,1806.90,1315.99, 2019-07-16 17:07:30, GePlnr_UHEU_0©66-250,
Physical, ©.075, 0, ©.14779, 20.04212, ©.15074, 79.65936, ©.28778e-6, 0.00144, 0.10471,
0.00081, 0.10619, 0.0025%e-6, 0.00221, 6.12522, ©0.01508, 0.12691, 0.00397e-6 , Th228,
1.702e-012, 3.21%, |Uxray, 7.857e-001, 0.25%, 2019-07-16, 3478.87, 351.19, 1.00000,

9.10000, 0.2875e-6, 0.0040e-6 9
’\ Il VYA I = 5
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Other features

= |nstantaneous simulation =  Spectrum display option
= U summed peak correction = Maximum FWHM rule

= List file in command line mode = Efficiency curve fit warning

= Real true time and live time = Quadratic step background
= Drag and drop = Constrained efficiency curve shape
= Expanded low-energy tail = Declared date and time
(" Pu242/U236 by correlation (" Empirical Efficiency
@ Pu242/U236 by operator entr | % by weight: | 4.35185 @ Physical Efficiency
[ Auto analysis [ Subtract BG
¥ Fresh Uranium Separation Date: | 1900-01-01  hhmm | 12:00
| Previous Calorimetric measurement [ Previous Neutron measurement
Wq Los Alamos NYSHE
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Remarks

= The good: FRAM v.5.2 code, created using Microsoft Visual C++ 6,
can run on all Windows platforms, from Windows 95 to Windows 10.

= The bad: Microsoft Visual C++ 6 runs on Windows XP but not
Windows 7 or later Windows.

= The weird: FRAM v.6.1 was written using Microsoft Visual C++ 2012
Installed on a Windows 10 computer.

= The ugly: The FRAM v.6.1 code created by Microsoft Visual C++
2012 can run on Windows 7, Windows 10, and most Windows XP
systems.

= This work was supported by the U.S. Department of Energy, Office of
International Nuclear Safeguards (NA-241), Office of Nuclear
Verification (NA-243), and the United States Support Program
(USSP).
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